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(54) E2F ACTIVITY INHIBITORY COMPOUNDS 

(57) Compounds recresented by the general for- 
mula (I): R '-A-R^ or pharmacoiogicaliy acceptable salts 
thereof whei em R' represents (un)substituted atkanoyt, 
(un)substituted aroyi, {un)substituted heteroarylcarbo- 
nyl. (un)substituted alkoxycarbonyl , (un)substituted ary- 
loxycarbonyl, (un)substituted heteroaryloxycartDonyt. or 
hydrogen, R-" represents hydroxy, (un)substituted 
alkoxy or (un)substituted ammo, and A represents a 
partial peptide sequence comprising at least 1 2 consec- 
utive amino acid residues m the sequence of a dimer 
forming or DNA binding region of each member of E2F 
family. 
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Description 

Technical Field 

5 [0001 ] The present invention relates to a novel peptide useful as a therapeutic agent of diseases such as tumor and 
arteriosclerosis, for which cellular abnormal growth is responsible, by inhibiting the activity of a transcription factor E2F 
which regulates the transcription of gene groups involved in the progress of cell cycle to thereby suppress cell growth 

Background Art 

u: 

[0002] E2F IS a transcription factor of importance for the transcription of a great number of genes involved m the 
progress of cell cycle and serves as a target protein of tumor suppression gene product Rb [EMBO J , 9, 21 79 ( 1 990), 
Cell, 65, 1053 (1991)] As proteins composing E2F. E2F family and DP family have been known Uo to now. five mole- 
cules of the E2F family, namely E2F 1 to 5 have been identified, while two molecules of the DP family, namely DPI and 
'5 2, have also been identified It has been believed that the out of control of the expression or activity of E2F is deeply 
involved m the carcinogenesis of a great number of ceils [Science, 258, 424 ( 1 992) . Trends in Biological Chemistry, 19, 
108 (1994)] It has also been reported that the inhibition of the transcriptional activity of E2*^ can suppress the growth 
of smooth muscle ceils, which works as the cause of arteriosclerosis [Proc Natl Acad Sci USA , 92, 5855 ''1995^] 
Thus, the substance suppressing the E2F activity is useful as a theraoeuttc agent of tumor or Diseases nvoiving the 
abnormal growth of smooth muscle cells or the like, such as arteriosclerosis Additionally, the substance may aiso be 
effective wideiy for autoimmune diseases which are exacerbated due to the growth of synovial ceil, such as chrome 
rheumatoid arthritis, or diseases occurring t)ecause of the abnormal growth of mesangium cell, such as rieonropathy 
As to E2F SLJppressing agents, nucleic acid based compounds have been known, including anrisense RtJA [Cancer 
Res , 54. "''^02 fl994)] and decoy cased on the E2F binding sequence OTJA [P^oc Nat! Acad Sci USA 92 5S55 
(1995)] However no peptides have been known /et as such suppressing agents 

Disclosu re Df _* h e inventio n 

[0003] ^n accordance with the cresent ;nvent'on. :t :s provided a comoouno representee t:-y the genera: <cr"u.a M) 

(wherein R represents substituted or unsubstituted alkanoyl. suostituted or unsuDstituted aroyl. substituted or unsub- 
stituted heteroarytcarbonyl. substituted or unsubstituted alkoxycarbonyl. substituted or unsubstituted arvio-:ycart;onyi. 
substituted or unsubstituted heteroaryloxycarbonyl or a hydrogen atom R- reoresents hydroxy, substituted cr ..rsubsti- 
tuted alkoxy, cr substituted or unsuDStituteo ammo, and A represents a peptide sequence compris.ng a partial amino 
acid sequence having at least 12 :cntinuous resiaues m the sequence of the dimenzation region or DNA binomg region 
of each E2F family)[simply referrec to as 'Compound I'" hereinafter] or a pharmaceutically acceptable salt 'hereof In 
accordance with the present invention, a pharmaceutical composition comprising the Compound (I) or a pharmaceuti- 
cally acceptable salt thereof is provided 

[0004] In the definition of each group m the formula (i). the alkanoyl includes alkanoyl g'^oups w th i to 20 carbon 
atoms, such as formyl, acetyl, propionyi, butyryi, isobutyryl, valeryl isovaleryl. pivalovi, hexanoyi, heotanoyi lauroyl. 
and icosanoyi 

[0005] The substituted alkanoyl has, the same or different, l to 3 substituents sucn as hydroxy, carboxyl alicyclic 
J5 alkyl. substituted or unsubstituted phenyl or fluorenyl 

[0006] Herein, the alicylic alky includes ahcyciic alkyl groups with 3 to S carbon atoms, sucn as cycicp'Opyl, 
cyclobutyl, cyclopentyl. cyclohexyl, cycloheptyl and cyclooctyl 

[0007] The substituted phenyl has, the same or different, l to 3 substituents such as atkyl, alkoxy, hydroxy, mtrc suifo, 
cyano or halogen The alkyl and the alkyl moiety of the alkoxy include alkyl groups with l to 20 carbon atoms, such as 
5.: methyl, ethyl, propyl, isopropyl, butyl, pentyl. hexyl. heptyl. decyl, dodecyl, and icosyl. and the halogen includes each 
atom of fluorine, chlorine, bromine and iodine 

[0008] The aryl moiety of the aroyl and the aryloxycarbonyi includes e g phenyl and naphthyl Each of the =uDStituted 
aroyl and the substituted aryloxycarbonyi has. the same or different, 1 to 3 substituents sucn as aikyi alko> v nyoroxy 
nitro, sulfo. or halogen The alkyl and the alkyt moiety of the alkoxy and the halogen have the sariie meanings as defined 
-r" above, respectively 

[0009] The heteroaryl moiety of the heteroarylcarbonyl and the heteriDar/loxycarbony. includes e g 'Uryl thienyl pyn- 
dyl, pyrrolyl pyrazolyl pyridyl. pynmidinyl. oyradmyl, -ndolyl qumolyl. isc-qumoiyl and quinazolvl Each of the substi- 
tuted heteroarylcarbonyl and the substituted heteroar yloxycarhony ' has the same substituems as defin^c! *oi the 
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substituents of the substituted aroyi 

[0010] The alky! moiety of the alkoxycarbonyl and the alkoxy means the same as defined above The substituents of 
the substituted alkoxycarbonyl and the substituted alkoxy include e.g. hydroxy, carboxy. carioamoyl. alicyclic alkyi, sub- 
stituted or unsubstituted phenyl and fluorenyl. The alicyclic alkyI and the substituent of the substituted phenyl mean the 
same as defined above, respectively. 

[001 1 ] The substituted ammo has, the same or different, 1 to 2 substituents such as substituted or unsubstituted alkyI , 
or substituted or unsubstituted aryl The alkyI and the aryl have individually the same meanings as defined above The 
substituents of the substituted alkyI include e.g. hydroxy, cartooxy, carbamoyl, alicyciic alky! and a phenyl group. The ali- 
cyclic alkyI has the same meaning as defined above. The substituted aryl has. the same or different, 1 to 3 substituents 
such as atkyi, alkoxy. hydroxy, nitro, sulfo or halogen. The alkyI and the alkyI moiety of the alkoxy, and the halogen have 
the same meanings as defined above, respectively 

[0012] In accordance with the present invention, the term "E2F" means a protein which binds to the E2F binding 
sequence in DNA and influences the promoter activity around the sequence E2F ts composed of the E2F family and 
DP family, and each family has a dimenzation region and a DNA binding region The sequences of the dimerization 
region and DNA binding region tn each family of E2F are described tn Cell, ZQ, 337 (1992), Cell, 70. 351 (1992), Mol 
Cell Biol , 13. 7802 (1993), Mol. Cell Biol., 13, 7813 (1993), Genes and Dev , 3, 2680 (1994). Genes and Dev , 8, 2665 
(1994), Proc Natl Acad Sci USA , 92. 2403 (1995) Nature, 362. 83 (1993). Moi Cell Btol . 15, 2536 (1995) and the 
like 

[001 3] The peptide sequence comprising a partial ammo acid sequence having at least 1 2 continuous residues \n the 
sequence of the dimenzation region of the E2F mcludes e.g a sequence representee Oy the general formula (la). 
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( I a) 

(wherein "n's * in individual ammo acid residues are the same or different, and represent 0 or 1 , X \ X"", X- and X^ " are 
the same or different, representing Leu or lie. X- represents Asn or Lys; X-^ represents Trp, Lys, Leu, Ala or Glu. X - reo- 
resents Ala or Ser: X"^ represents Glu, Asp or Asn, represents Val, Thr or Arg, represents Lys, Asp, Ala or His: 
X^^ represents Gin. His, Gly, Asp or Asn; and X^' represents Ala, Arg. Lys or Glu), and a sequence represented by the 
general formula (!b): 
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(lb) 

(wherein "m s" m individual ammo acid residues are the same or different, and represent 0 Of i , V represents Asm Thr 
Ala or Tyr, Y- represents G!u or Asp. V"" reofesents Ser or Asn, V"^ represer^ts Ala Of Asn v'- represents ^yr oi Cys 
represents Lys or Glu. represents Met or He. and represents He or VaP 
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[0014] The peptide sequence comprising a partial ammo acid sequence having at least 12 continuous residues in the 
sequence of the DNA binding region of the E2F includes e g a sequence represented by the general formula (Ic), . 
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(wherein "p s ' m individual ammo acid residues are the same or different, ana reof esent 0 or i , Z' represents Ala. Phe 
or Pro Z- represents Arg. Lys or Gin, Z' Z ' ana Z-' are the same or different, fecresentsnq Gly or Pre. Z^ feoresents 
Arg, Lys Met or Pro: Z' lepresents Gly. C/s. A, a or Gin, Z^' reoresents Ala, Aig or Glu, Z' represents Ala, He or Gin. Z" 
represents Aia. Gly or Arg, Z^ represents Leu Val or Pru Z' - represents Asp, Arg Of Gin, Z"* represents Gly. Ser Ala 
or Pro. Z - 'ec-esents Leu or P'o_ Z ' represents Asp. His or ^ro Z^^ represents Se^' or Pro Z'^" represents Gin or Lys 
Z'' represents Gily Thr or Leu. Z represents Gly. Pre or Val, Z'" represents Gly or Lys: Z-^"^ represents Ala or Ser: Z^^ 
represents 3iy or Ser Z^^ represents Gly. Glu or ^hr. Z-^ represents Arg. LyS, Ser or Pro, Z~^ represents Ser or Thr 
Z~ represents his or Tyr Z^" represents Aso or Glu. Z- ' and Z ^" are the same or different, representing Lys or Thr. 
Z"^ represents Gly or .Asn. Z''^ rep:esernts Leu or ^hr Z' represe "ts Arg or L/s Z'"' represents He. Leu or Val. and Z'^'^ 
represents G'U Gin. Sei or Tyr) 

[0015] The pnarmaceutically acceptable salt of the Compound (1) includes acio aadition salts, metal salts, organic 
base aadition salts and the like The acid addition salts inctuce inorganic salts such as hydrochloride, sulfate ana phos- 
phate, and organic salts sucn as acetate, maieate. fumarate tartrate, and citrate The metal salts include alkah metal 
salts such as sodium salt and potassium salt, alkaline earth metal saits such as rragnestum salt and calcium salt: alu- 
minium salt zinc salt and the like The organic base addition salts include salts of pr-mary amines such as methyiamme. 
ethylamine and aniline: secondary amines such as oimethyiamme, diethylamine. pyrrolidine, pipendine. morphohne 
and piperazine and tertiary amines such as tnmethylamine triethylamine N, N-dimethylani)tne ana pyridine, and 
ammonium salts 

[0016] The present invention will now be described in detail hereinbelow 

[0017] The abDreviations of ammo acids ana the protective groups thereof foilow the recommendations by tUPAC-lUB 
Joint Commission on Biochemical Nomenclature [Eur J Biochem . 1 38 , 9 (1984)] 

[0018] The following abbreviations represent the fottowmg corresponding ammo acids and protective groups thereof 
unless otherwise stated 
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Ala, 


L- Alanine 


Thr, 


L- Thr eon me 


Asp, 


L- Aspartic acid 


Asn. 


L- Asoaragme 


Asx , 


L-Aspartic acid or L-asparagme 


Glu 


L-Glutamic acid 


Gin 


L-Giutamme 


G!x. 


L-Glutamic acid or L glutamine 


Trp 


L- tryptophan 


Val, 


L- Valine 
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45 



Leu 


, L-Leucine 


Ser, 


L-Senne 


Met; 


L-Methionine 


lie, 


L-lsoleucine 


Phe: 


L-Phenylalanine 


Tyr: 


L-Tyrosine 


Lys, 


L-Lysine 


Arq, 


L-Arqtnine 


His, 


L-Histidine 


Pro 


, L-Proiine 


Fmos, 


9-Fiuorenylrrtethyloxycarbonyi 


t-Bu, 


t-Butyl 


Trt; 


Trityl 


Pmc, 


2,2.5,7,8-Pentarnethylchroman-5-suifony( 


Boc: 


t-Butyloxycarbonyl 


Ac, 


Acetyl 



[0019] The following abbreviations represent the corresponding side-cnam-protected amino acids as follows 

Fmoc-Asp(Ot-Bu)-OH. N -9-Fiuorenyimethyloxycarbonyl-L-aspartiC ac;d [i-t-butyiester 
Fmoc-Glu(Ot-Bu)-OH. N ■ -9-FluorenyimethylcxycarDonyi-L-glutamic acid . -t-butylester 
Fmoc-Thr(Ot-Bu)-OH, N ' -9-Fiuorenylnnethyloxycarbonyl-O-t'butyt-L-threonine 
Fmoc-Ser(t'Bu)-OH; N"-9-Fluorenylnnethyloxycarbonyl-0-t-butyl-L-5erine 
FmoC'Tvr{t-Bu)-OH, rj" -9-Fluorenylmethyloxycarbonyl-O-t-butyi-L-tyrosine 
Fmoc-Lys(Boc)-OH, N"' -g-Fluorenytmethyloxycarbonyl-N' -t-butyloxycarDonyt-L-tysme 
Frnoc-Asn(Trt)0^, N"'- 9-Fiuorenylmethylo<ycarbonyl-r^ -trityl-L-asparagine 
Fmoc-G!n(Trt)-CH, N '-g-Fiuorenylmethyloxycarbonyl-N' -tntyt-L-gluiarr^me 

Fmoc-Arg(Pmc)-<jH, N '-9-F(uorenylmethyioxycarbonyl-N'^-2,2 5.7.3-pentamethylchror7ian-6-5uifonyi-L-arginine 
FrTioc-H!S(Trt)-OH: N ''9-FluorenyImethyloxycarbonyl-N''^-tntyl-L-gluTamine 
Fmoc-Trp{Boc)-OH: -9-Fluorenylmethyloxycarbonyl-N"'^-t-buty!oxycarbonyl-L-tryptophane 

[0020] The following abbreviations represent the corresDonding reaction solvents and reaction reagents and the like 
as follows 

PyBOP BenzotnazoM -yloxytrispyrrolidinophosphoniunn hexafluorcphosphate 
HOBt: ^ -Hydroxybenzotnazoie 
NMM, N-Methylmorphoiine 
DMF, N.N-DirTiethylformamide 
TFA; Tnfluoroacetic acid 

HBTU: 2-(1 H-Ben20triazol-l-yl)-1 ,1 ,3,3-tetraniethyluroniunn hexafluorophosphate 
DIEA, N.N-Diisopropylethylamine 
NMP. ri-Methylpyrrolidone 

[0021] The method for producing the Compound (I) will now be descnoed below 

[0022] The Compound (I) can be synthesized bv general liquid phase or sohd phase peptide synthetic methods (Fun- 
damentals and Experiments of Peptide Synthesis. Nobuo Izumiya et al Maruzen ( 1 985)] or a combination thereof Fur- 
thermore, an automatic peptide synthesizer m.ay be used The oeptide synthesis on a commercially availaote peptide 
synthesizer, e g a peotide synthesizer manufactured by Shimadzu Coicoration. a peptide synthesizer manufactured by 
Applied BioSystems Inc . USA {ABl Inc.), and a peptide synthesizer manufactured by Advanced ChemTech inc.. USA 
(ACT Inc ) can be done by using N'-'-9-fluorenylmethyloxycarbonyl ammo acids or N'- -t-butylO)<ycarbonyi amino acids 
with an appropriately protected side chain, according to the synthetic programs for the individual peptide synthesizers 
[0023] The protected ammo acid as the starting materials of the Compound ( t) and earner resin can be available from 
ABi Inc., ShirTiadzu Corporation Kokusan Chemical Works Co . Ltd . Nova Biochem Co , Watanaoe Chemical indus- 
tries Ltd ACT Inc or Peotice institute !nc 

[0024] The Compound (D thus obtained can be purified by high-performance liquid cnromatograohy (referred to as 
HPLC hereinbelow) bv using reverse-ohase silica gel columns such as C-a, C-8 or C-18 type, column cnromatography 
such as gel filtration with partition resm, adsorption resm lon exchange ^esin silica gel chem-cally modified Sihca gel 
reverse-phase silica gel aiumma. dtamatcceous earth or magnesturi^ snicate. or thm-iayer cnr ofr.atogracny 
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[0025] The pharmaceutically acceotable salt of the Compound (t) can be obtained m a conventional manner More 
specificaliy, the acid addition salt or organic base adoition salt of the Compound (I) can be obtaiend by dissolving the 
Compound (I) in an aqueous solution of an acid or an organic base corresponding thereto and then freeze-drying the 
solution The metal salt of the Compound (1) can be obtained by dissolving the Compound (I) m an aqueous solution 
containing the corresponding metai ion and ounfying the solution by gel filtration or by HPLC 

[0026] Specific examples of the Compound (I) are shown in Table i Specific examples of the compound being rep- 
resent-rj by the general formula (1.) having the ammo acid sequence represented by the general formula (ta) include 
compounds represented by Sequence ID Nos i , 2 and 20, which are referred to as Compounds la-i. la-2 and la-3, 
respectively Specific examples of the compourxj being represented by the general forriiu'a (!) having the ammo acid 
sequence represented by the general formula ('b) include compounds represented by Sequence ID Nos, 3, 4 and 21, 
which are referred to as Compounds Ib-1 , lb-2 and lb-3. respectively Specific examples of the compound bemg repre- 
sented by the general formula (I) having the ammo acid sequence represented by fhe general formula (Ic) include a 
compound represented by SEO ID No 5. which .s referred to as Compound Ic-i 

Table ■ 



Compounds 


Sequences 


ia-i 


Ar - Leu- Asn-Trp- Ala- Ala-Glu-Vai-Leu -Lys- Val Girl -Lys-Aig-Arg -He-^yr- Asp - 
Gly-lle -Gln^Leu-ile-Ata-rjH2 {SEO ID rjo 


iie-Thr- Asn- VaLueu-Glu- 


ia-2 


Ar -Vat-Leu-Lvs-'/ai-'Gln-Lys-Ar g- Arg-ile-^yr- Asp- -le-Thf - Asn-Vai-NH ■ 


fSEQ !C No Z) 


la-3 


ua-ueu- Asn-T o-Aia- A a-Giu- v'ai-Lei.-Lys^Vai ■Gln-LyS -Arg- Arg-Ne-Tyr- Asc- 
C-=ly-lie-Gln-Leu-^le-Ala-NH.^ ::SEG iD No 20) 


1 e - Th r - Asp - \Ja 1 - ^eu - Gl u - 


ib-T 

■ 


k . ■ 

Ar-Asn-Glu-Ser-Ala-T/r- Asp-G.n-Lvs-A5n-!le- ArC'Arg- Arg-Val-Tyr- Asp- Ala 

Aia^Met-Asn-ile-lle-Ser-rjH: GEO ID lloc) 


■Leu- Asn- Val-Leu-^'1et- 


i 

; !b-2 


- lie- A.-a- Ar Ar ^ V al -'-/r - Asc - Aja-_eu-Asn- v'a! - Leu-Met- Aia-Met-NH - 


^SEG •■D No A) 


lb-3 


La-Asn-G^l J-Ser — la - Gr- Asc-Gin-L.s-Asn-ile - Af g-Arq-Arg - v'ai-'yr^Asp- Ala- 
, -^.a-Met- A5n-ile-ile-Ser-rjH2 GEC' iD rjod) 


e u - A s r - ' V a 1 - e u - M e t - I 
■ 



!c-' I Ac- Ala^Arg-GlyvAig-G^iy- Arg-H.s-P'^-Gly-!_yS'Grv'-ValGys-Ser-^'oGily-Glu- Arg-ServArg-Tyr-GI^ 



Ser-Leu-Asn-Leu-^h- -Thr-Lvs- Arg — he-Leu-C-luGeu-NH-- 'SEQ 'D No 5) 



[0027] In the table. Ac -eoresents an acetyi grouc ana La f eoresents a lauroyi group 
[0028] The bicicgicai act vity of tne Compoun-:: (L 15 nrjw deBcr ceo m test exar^oies 

Test Example ' 

Assay of E2'^G T-^A bmcmg-^nhibiTi-^g S'^ttvitv ov gei smft assav ( 1 ■ 1 1 Exotession cf a fusicr orotem c^f E2f^- 1 ana DP-i 
in Escherichia coh 

[0029] So as to assay the activity to inhibit E2'^-C tJA binding, a fusion protein of glutathione-S-transferase (abbrevi- 
ated as GST here-nbelow) witn the genes ot human E2F-1 [Cell 10 337 (1992). Celt. 70 351 (1992)] and human DP- 
1 [Genes Dev 7 1 850 ( 1 993^] was prepared 

[0030] Firstly ;^ene seauences larrvmg the CNA cindmg regions and dimerization regions of human E2F-1 and DP- 
1 were irdividuailv obtained by P'^-PCR [Reverse Ganscnpticn Polymerase Cham Reaction: PGR Technology. Eriich, 
H A , ed p39-^7 Stockton Press (1939)] 

[0031] An expression piasmid foi E2F-1 was constructed by the following method By AGPC method [Acid Guanidium 
Thiocyanate-Phenol Chlorofomr Anal Biocnem , 16G 156 (1987)], RNA was prepared from a human B cell line Jijoye 
(ATCC CCLS7) whtcn was then subjected to reverse transcripTion by usmg a Kit manufactured by GlBCO-BRL. namely 
Suoer Script It to prepare the cDfsIA From the cDNA was recovered an objective cDNA fragment, by dividing the 
human E2F-1 cDT jA -nto rwo i egions by using the fo-lowmg two c-airs of tne combinations of oligonucleotide primers: 

5'-AGAGA(3AAGCTTAAAGC 3TC ATGGCCTTGCiCCGGGG CC-3' {38^mer, 3EQ ID No 6) and 
5 -TTCTGC ACCTTC AGCACC:TCGGCAGC-3' >26-mer, SEC ID fsio 7) [N terminus], as well as 
5^-ACCAAGCGCTTCCTGGAGnCTGCG3AG-3' G6-mer. SEG ID No 8^ and 
5'-GGAAAL CCTGGTACCTCCAAGnCCCTG-3' (26-mer SEG iD No 9) [C terminus]. 
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amplifying the two regions by using AmpliTaq'^ Taq polymerase and DNA thermal cycler 480 [Perkin Elmer Cetus Co ] 
according to PGR (polymerase chain reaction) [Science. 487 {1988)] and iigating the resulting two regions by using 
an inner Sail cleavage site The resulting cDNA was cleaved with Rsal, to recover an Rsal (431 )-Rsal(8l 5) fragment 
[numerical figures in parentheses correspond to the base numbers m Cell. 70, 337 (1 992)] of 338 base pairs. The DNA 
fragment was inserted into the Smal cleavage site of plasmid pGEX-5X [manufactured by Pharmacia Co ] inserted with 
the N terminal region of GST downstream of the Tac promoter, to recover plasmid pGST-E2F-l expressing a fusion pro- 
tein of a part of human E2F-1 (lOl-st to 227-th ammo acid residues from the N terminus) and GST 
[0032] An expression plasmid for DP-i was constructed by the following method By the same method as described 
above. RNA and cCNA were prepared from a human B cell line DND-39 (Fujizaki Cell Center. Hayashibara Biochemical 
Research Institute). From the cDNA was amplified a DNA fragment carrying a part of the human DP-i cDNA, by PCR 
with the following two oligonucleotide primers individually having BamHI and EcoRI cleavage sequences at 5' terminus: 

5'-CCACGGATCCCCAGCACTCACTTTGCCTCTCAG-3' (33-mer: SEQ ID No. 10) and 
5 -CTGCGAA"rTCTACCGGTTTCTCTGCACCAGGTTC-3- {34-mer, SEQ ID No. 1 1 ) 

The DNA fragment was cleaved with BamHI and EcoRI, to recover a BamHI-EcoR! fragment of 481 base pairs, which 
was then inserted into plasmid pGEX-3> (manufactured by Pharmacia, Co ) preliminarily cleaved with BamHI and 
EcoRI. to recover plasmid pGST-DP-l expressing a fused protem of a part of the human DP-l {84-th to 241 -th ammo 
acid residues from the N terminus) with GST The nucleotide sequence of each of the two plasmids m the regions of 
E2F-1 and DR-1 was deterr^ined and it was verified that the sequences were not modified at ail, comoared with the 
sequences m the references 

[0033] The two plasmids thus recovered, namely pGST-E2F'i and pGST-DP-i, were introduced into an Escherichia 
con XLi-blue {manufactured by Stratagene Co] according to the method desc;ibed m J Mol Bici 166^ 557 (1983) 
Then, one platinum loop of each of the resulting transfection strains pGST-E2F-i/XLi -blue and pG3T-DP-1/XL1 -blue 
was inoculated on a Terrific broth [1 2 % trypsin, 2 4 % yeast extract. 0 4 % glycerin, 0 l M potassium hydrogen phos- 
phate. pH 7 4] (40 ml) containmg 50 ug/mi ampicillm in a 2C0-mi Erienmeyer tiask, for agitation culture ai 30 C over- 
night Twenty milliliters ot the culture solution were transferred mto a 2-liter EMenmeyer flask containing 400 ml of the 
sar-ne culture broth, tor agitation culture at 30 C Immediately when the absoroance 3f the cultuie solution at 600 nm 
reached 0 S, isopropyi-f-D-thiogalactosiOe [IPTG manufactured by Wako Pure Chemical Industries Co . Ltd ] was 
added to the culture solution to 0 1 mM, for cultunng at 30 C *or another 4 hours. From the cultuie solution were col- 
lected bacteria ceils by centrifugation, which were then rinsed m ice-cold physiological saline [PBS (phosohate ouffered 
saime) containing 137 mM NaCl, 2.^ mM KCI, 3 1 mM Na^HPO^. and i 5 mM KH^PO^] and were then suspended in 
20 ml of PBS containing 0 1 mM pnenylr^iethylsulfonyi fluoride [PMSF manufactured by Sigma Co] The suspension 
was treatea five times with ultrasomcatior for one mmute. followed by addition of Triton X-iOO, Tween-20 and Sarcosyl 
to each final concentration of i %, for suDsequent gradual agitation at 4 ^C tor 60 minutes The treated solution was 
centrifuged to recover the supernatant. i?llcwed by aaoition of 400 ul of glutathione-Seohaiose CL-4B (manufactured 
by Pharmacia Co ), prior to gradual agitat:on at 4 C for 60 minutes Through centrifugation. the precipitate was recov- 
ered, rinsed three times in PBS (5 ml) containing 0 1 mM PMSF, and eluted with 1 2ml of 50 mhf\ Tns-HCl buffer (pH 
8 0) containing 10 mM glutathione (manufactured by Wake Pure Chemical Industries Co . Ltd.), to recover objective 
fused proteins GST-E2P- - and GST-DP- 1 

(1-2) Gel shift experiments by using GST-E2F-1 and GST-D^^^-i 

[0034] The following two oligonucleotiaes ncludmg the E2F bmoing sequence, which are complementary sequences 
to each other, 

5'.ATTTAAGTTTCGCGCCC'TTCTCAA-3' (25-mer SEQ ID No 12) and 
5'-TTGAGAAAGGGCGCGAAACTTAAAT-3' (25-mer SEQ ID No 13) 

were added individually at a concentration of 10 liM into a solution comprising lO mM MgCU. 5 mM DTT and 50 mM 
Tris-HCI(pH 7 5), for treatment at 75 C for 10 minutes, and the resulting solutions were left to stand at ambient temper- 
ature while gradually 'Owenng the temperature for annealing The resulting double-stranded DNA solution (10 ni) was 
kept in a reaction solution (30 ni) [50 mM ^ris-HCI butfer^pH 7 5) containing 10 mM MgCl^, 5 mM dithiothreitol (DTT), 
^0 units of T4 polynucleotide kinase -manufactured by TaKaRa), 0 2 mCi [v ---^]ATP (7,000 Ci/mmci ATP manufac- 
tured by Amersham Co )] at 37 C for 60 minutes, to laoei the 5' terminus By aodmg 0 5 M EDTA ;2 liH to the reaction 
solution, the reaction was te^^ninated and thereafter unreactive [, - -P]ATP was removed by using a NickColumn G-50 
imanufactuiea by Pha;mac:a Co . to :e;over E2F piobe mio 20 mM HEPES tutfer(pH ^ 4)(20^un containing 40 mM 
KCI 1 mM MgC'i 0 ' ^^M EO^A 0 1 % r^omdet P-40. and i mM DTT were added 0 1 pmol of '^-P-iaoeled E2F probe. 



EP 0 963 999 A1 



100 ng of GST-E2F-1, 100 ng of GST-DP-1, 2 ug of calf thymus DNA and 0 to a lOO test compound, for reaction at 
30 'C for 30 minutes After the reaction, the reaction solution was electrophoresed by using 0 5^TBE [2 5 mM Tris- 
borate butler, pH 8 3, 0 1 mM EDTA] as an electrophoresis bufter m 4 % polyacrylamide gel GST-E2F-1 and GST-DP- 
1 proteins were bound to the labeled E2F probe, so that the mobility thereof was reduced. Accordingly, the proteins 
were detected as upper bands After electrophoresis, the gel was dried to assay the radioactivity m bands shifting 
upward, by using an image analyzer Type BAS2000 (manufactured by Fuji Fiim Co ) The radioactivity in each lane was 
assayed, to calculate the inhibition ratio, on the basis of the radioactivity of a sample with no test compound contained 
in the reaction system, according to the following equation. 

Inhibition ratio = {A - B) / A 

A radioactivity in a band shifted tn the absence of any test compound 
B radioactivity in a band shifted in the presence of a test compound 



Table 2 



Compourxjs 


Concentration (uM) 


Inhibition ratio (%) 


IC..q(iiM) 


la-1 


1 

10 
100 


29 7 1 

92 5 : 2 I 

1 

1 

i ( 
( 1 


ia-3 


10 

> — 

100 


1 c 3 1 i 

i 1 
i 

c: *^ ' ! 

1 


ib-1 


-1 

i 

10 
100 


1 ; - ! 1 

52 9 1 0 

8" 6 1 
t * — - — . i 


;b^3 


r ' 

25 
100 

1 


- - C i 

d9 5 100 



iC^n coiTi pound CQiicetMratiod at .vhicti the infubittor. i ^tic is 50 "o 



Test Exar^ple 2 

Assay of growth inhibiting activity on Saos-2 cell 

[0035] 1-10^ cells of a human osteosarcoma-denved cell line Saos-2 (ATCC HTB85) cultured m an RPMi ""640 cul- 
ture medium containing 10 % fetal calf serum (manufactured by Nissut Co , referred to as medium A hereinbelow) in the 
presence of 5 % CO- at 37 'C were suspended in 50 lil of K-PBS buffer [137 mM KC; 2 7 mM NaCl, 8 1 mM Na^HPCi, 
1 5 mM KH0PO4, and 4 mM MgCU], followed by addition of a test compound appropf lately diluted with K-PBS to a final 
concentration of 100 uM The suspension was transferred on a 0 2-cm w:dth cuvette (manufactured by BIO-RAD Lab- 
oratories) for loading an electric pulse (conditions an electric voltage = 3 kV/cm, a pulse width = 1 00 u seconds, a pulse 
interval = one second, a pulse number = two) by using a Shimadzu cell fusion system SSH- 1 [manufactured by Shi- 
madzu Corporatton) After leaving the cuvette to stand for lO minutes, the cells were recovered and suspended m 3 ml 
of the medium A, for inoculation on a cell culture dish of a 60-mm diameter(manufactured by Iwaki Glass Co.) In the 
presence of 5 % CO-, the ceils were cultured at 37 C for 40 hours and were then peeled off by means of PBS contain- 
ing 0 05 % trypsin and 0 02 % EDTA and dyed with 0 05 % trypan blue, *o count the number of viable cells by means 
of a modified Neubauer hemocytometry Based on the cell number with no test compound under load of an electric 
pulse, the inhibition ratio was calculated by the following equation 

Inhibition ratio = (A - B) / A 

A viable cell numbei m the absence of any test compound 
B liable cell numbet m the presence of a test compound 
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[0036] The results are shown in Table 3 



Table 3 



Compounds 


Inhibition ratio (%) 




25 


tb-i 


73 



Test Example 3 

Assay of activity suppressing E2F responsive transcription ( 1 ) 

15 [0037] The promoter sequence of human cdc2 gene [EMBO J , ll. 179^ (1992)], which has been reported to have 
an endogenous E2F responsive sequence and to effect an E2F deoendent transcription was bound to the upstream of 
the firefly luciferase gene, which was designated as reoorter gene ""he promoter legion of the human cdc2 gene was 
cloned as follows By using the following two oligonucleotides pnmers. 

5'-CTATACACTCCTAACCCTAAGTATTAGAAG-3' (30-mef SEQ iD No 14) and 
5'-AGCTACAACAACGCGTCGCTCTCCGCTC-3- (2S-mei SEC iD No 15). 

466-bp DMA .n ihe human cdc2 promoter :egicn was amplified from numan genome DNA [Clontech laboratories Inc j 
by PGR as described above Tne DNA fragment was c;oned into a PGR croduct cionmg vector pCRIl [manufactured by 
25 invitrogen Co ] From the plasmta was :!eaved a DNA fragment wtth restriction enzymes Hmdlll and Xhol and the frag- 
ment was -nserted into a Hindlll-Xhol site Df iuciferase reporter vector pluc2 [Eur J Haematol , 52. 73 ("'9941]. to gen^ 
erate a reporter plasmid pcdc2iuc2 

[0038] Two micrograms (2 ug) of the ptasmtd pcdc2iuc2 thus oreoared were mttoduced, together with a test conn- 
pound (100 iiM), into 1 OO^ cells of Saos-2 by electroporation, m the same manner as m the Test Example 2 As tn the 

30 Test Example 2, the resulting cells were inoculated into a cell culture dish of a 60-mm diameter for cultunng m the pres- 
ence of 5 CO- at 37 ' C for 40 nours. and thereafter, the cells were peele<:i off and recovered bv centrifugation The 
cells were suspended m 0 5 ml of a cell lysis buffer [1 % Tnton X-lOO, iQO mM KH^POi{pH 7 8), 1 mM dithiothr eitcl] 
and centnfuged to recover the supernatant of wnich 200 >a\ was then used to assay the luciferase activity and of whtch 
10 u! was used to assay the protein concentration The luciferase activity was assayed as follows, 300 liI of a substrate 

■= solution [25 mM glycyiglycine buffer(pH 7 3). 15 mM MgSC.- 5 mM ATP and 0 33 mM lucifenn] was automatically 
injected into a luminometer LB953 (manufactured by Beitold Co.), to assay the luminescence for 10 seconds, which was 
defined as luciferase activity The protem concentration was assayed with a protein assay Kit (manufactured by BIO- 
RAD Laboratories), which was used to correct the luciferase activity Based on the luciferase activity (after correction 
with protein concentration) of a sample with no test compound contained m the reaction system, the inhibition ratio was 

4C calculated by the following equation 

Inhibition ratio = (A - B) ■■ A 

A luciferase activity m the absence of any test compound (after correction with protem concentration) 
45 8 lucifeiase activity in the presence of a test compound latter correction with protein concentration) 

[0039] The results are shown in Taole 4 



Table 4 



Compounds 


Inhibition ratio '%) 




'a-1 




b-1 


33 
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Test Exa m ple 4 

Assay of activity suppressing E2F responsive transcription (2) (4-1) Construction of reporter cell strain 

[0040] Into the Xhol- and Hindlll sites of luciferase reporter vector piuc2 with neomycin (G418) resistant gene [Eur J 
Haematol., 52. 73 (1994)] were inserted an Sphl-Hindll I fragment composed of the 200 base pairs in the core promoter 
region of the SV40 initial gene [128-0/5243-5171, base number according to Tooze, J Molecular Biology of Tumor 
Viruses, 2nd Ed . Part 2 Revised , DNA Tumor Viruses, Cold Spring Harbor Laboratory Press, 1982], and a fragment 
produced by annealing the following two synthetic oligonucleotides: 

5--TCGAGCCCGGGGGTACCGCATG-3' (22-mer; SEQ ID No. 16) and 
5'-CGGTACCCCCGGGC-3- (14-mer, SEQ ID No 1 7) 

which fragment had Xhol and SphI sites at both the termtni and had an Smal and Asp7l3 (Kpnl) sites, to create luci- 
- ferase reporter vector pSE01uc2 for inserting a transcription regulatory region therein 

[0041] By then annealing together the following two oligonucleotides having an E2F respcnsive sequence mside and 
Deing complimentary to each other 

5 ■ ~ T C G A G (: T T G G C G G G A A A C T T G G C G G G A A A C T T G v3 C G 
G G A A A C T T G G C G G G A A A. G T G G A C G - 3 ' ( 6 0 -mer ; SEQ ID 
No . 18 ) and 

5 ^ - T A G C G T G G A C T T T C C C G G C A A G T T T C C G G G C A A G T 
T T C C C G C G A A G T T T G C G G C G A A G C - 3 ' ( 60-mer ; SEQ ID 
No . 19 ) , 

anc then inserting the ar^nealed pr-:duct into the Xhol and Asp7l3 s.tes cf the constructec uciferase veaor p5E0i uc2, 
reporter plasmid pE2^ii-lluc2 was constructed 

[0042] By the following method, -he plasmid was introduced into a human osteosarcoma -derived cell strain Sao5'2 
f ATCC HTB85), and the resulting cell was defined as E2F responsive -eoorter cell 2- iC :eils of the Saos-2 cultured 
in the presence of 5 % CO-^ m the medium A at 37 ^C were suspended m K-PBS buffer (50 ul) [137 mM KCi. 2 7 mM 
NaCi. 8 1 mM Na-^HPC. 1 5 mM ^ H-PO.. 4 mM MgCl2], followed by addition of l ug/n oiasmid pE2FjM iuc2 (4 ug) 
preoared aoove The suspension was transferrea on a 0 2-cm width cuvette (manufactured oy BIO-RAD Latcratories) 
for ■oading an electric pulse {condit ons an electric voltage = B kV/cm, a pulse width = ICQ u seconds a pulse interval 
= one second, a puise number = two) oy using a Shimadzu cell fusion system SSH-1 [manufactured by Shimadzu Cor- 
poration] to introduce the gene by electroooration. After leaving the cuvette to stand for lO minutes, the cells were 
recovered and suspended in 10 mi of the medium A, for inoculation on a cell culture dtsn of a 100-mm diameter^manu- 
J5 factured by Iwaki Glass Co } 

[0043] Twenty-four hours after the introduction of the gene, the medium was exchanged to medium A containing 0 2 
mg-ml GenetiCin'"^ (G4^.8 sulfate, manuiactured by GIBCO BRL), to selea clones with the introduced plasmid stably 
incorporated in the chromosome. Dn ^he fourteenth day after the introduction of the gene, clones having forn^ec a sin- 
gle colony on the dish were separated by using a cloning cylinder From the resulting clones were selected a fepofter 
cell strain with response to E2F to induce luciferase activity, namelv E2F-1 /Saos-2- 1 was recovered by using the 
lesponse to the E2F-1 and RB introduction as a marker 

(4-2) Assay of transcnpt'on suppressing activity 

[0044] A test ccmpcurd was mtr educed mto the cell strain E2F i./Saos-2-l oDtamed accve by using Lipofect AMINE " 
{manufactured by GIBCO-BRL) described below, to assay the E2F dependent transcription suppressing activity as :uci- 
feiase activity 4 ■ 1 0^' :ell5 of E2F-\/Saos-2-t wei e inoculated m the medium A m a 35-mm cell culture dish ^oi .:ultut mg 
in the presence of 5 % CC- at 37 C for 24 hours In 0 2ml of Opti-MEM''l medium fmanu^actui ed by GIBCO-BRL) were 
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dissolved 3 ul of Lipofect AMINE'" and 1 or 10 nmol of a test compound, and the resulting solution was left to stand at 
ambient temperature for 15 minutes, followed by further addition of Opti-MEM^t medium (0 8 ml) From the cells was 
removed the solution, and then, the cells were rinsed tn the Opti-MEM^I medium, to which was then added one milliliter 
of the solution, for cultunng in the presence of 5 % COo at 37 '^C for 6 hours {the final concentration of the test com- 
pound was 1 or 10 uM). Six hours later, one milliliter of the medium A was added to the culture, for another 48-hour 
cultunng, and then, the cells were peeled off and recovered by centrifugation The cells were suspended in a eel! lysis 
buffer (0,5 ml) [1 7oTriton X-100, 100 mM KH2P04(pH 7 8). 1 mM dithiothreitol] and were thereafter centrifuged to 
recover the supernatant 200 ul of the supernatant was used to assay the luciferase activity, while 10 ui thereof was 
used to assay the protein concentration. The luciferase activity was assayed as follows, 300ul of a substrate solution 
[25 mM glycylglycine buffer(pH 7 8), 15 mM MgS04, 5 mM ATP. and 0,33 mM luctferin] was automatically injected into 
a luminometer LB953 (manufactured by Beltold Co ), to assay the luminescence for 1 0 seconds, which was defined as 
luciferase activity. The protein concentration was assayed with a protein assay kit (manufactured by BIO-RAD Labora- 
tories), which was used to correct the luciferase activity. Based on the luciferase activity (after correction with the protein 
concentration) of a sample with no test compound contained in the reaction system, the inhibition ratio was calculated 
by the following equation 

Inhibition ratio = {A - B) / A 

A luciferase activity in the absence of any test compound (after correction with protein concentration) 
B luciferase activity in the presence of a test compound (after correction with protein concentration) 

[0045] The results are shown in Taole 5 



Table 5 



Compound 


Concentration (uM) 


Inhibition ratio (%) 


!c-l 




: 7 


10 


28 



Test Example 5 

Growth inhibition of human epidermoid carcinoma cell A431 and human colon cancer cell SW480 

[0046] Human epidermoid carcinoma cell A431 (ATCC CRL-1555) or human colon cancer cell SW480 (ATCC CCL- 
228). preliminarily adjusted to 1 OO"^ cells/ml in a DME culture medium (Ntssui Co ) containing 10% fetal calf serum, 
was divided m a 0 1-ml portion into each well of a 96-well microtiter plate (Nunk Co., ^167008). The cells were cultured 
in a COn gas incubator at 37 '^C for 24 hours, followed by addition of 0 05 ml of the test compound preliminarily diluted 
appropriately with the culture medium into each well, for subsequent cultunng m a CO- gas incubator at 37 C for 72 
hours. After removing the culture supernatant, each well was rinsed in 0 15 ml of PBS buffer, followed by fresh addition 
of 0.05 ml of the culture medium into each well. The cell number m each well was counted by a cell proliferation kit 1! 
manufactured by Boehnnger Mannheim Co After adding 0 025 ml of colorimetrtc reagent to each well and keeping the 
plate in a CO^ gas incubator at 37 -^C for 3 hours, the absorbance at 490 nm and 655 nm was determined with a micro- 
plate reader Model 550 (manufactured by BIO-RAD Laboratories), to calculate then the value (difference in absorb- 
ance) of the absorbance of each well at 490 nm (A490) minus the absorbance thereof at 655 nm (A655) Comparing 
the difference m absorbance between the non-treated cells and the cells treated with the test compound at the prede- 
termined concentration, the cell growth inhibiting activity of the test compound at each concentration was calculated by 
the following equation 

Inhibition ratio = (A - B) / A 

A difference m absorbance m the absence of any test compound (A490 - A655) 
B: difference in absortiance in the presence of a test compound (A490 - A655) 

[0047] The results are shown m Table 6 
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Table 6 



H ' ~^ 

Compound 


Concentration (uM) 


InhiDition ratio {%) 






A431 :ells 


SW480 cells 


Ia-3 


33 


21 


41 


ib-3 


1 1 




14 


)b^3 




1 . . 


44 



[0048] The Compound (I) and the pharmaceuticallv acceptable salt thereof obtained in accordance with the present 
invention are useful as an anti-tumor agent or anti-artenoscierosis agent and may satisfactorily be used as they are or 
at various dosmg formulations For example, the Compound (I) or the pharmaceutically acceptable salt thereof may be 
dissolved in physiological saline or an aqueous solution of glucose, lactose, manmtol or the tike, and the resulting solu- 
tion can be used as an approonate pharmaceutical mjection For example, addttionatly. the Compound (I) or the phar- 
maceutically acceptable salt thereof \s lyoohilized *o which is added sod um chloride, to prepare a oowaery injection if 
needed the pharmaceutical comoosition may contain additives well Known in the pharmaceutical field, e g. pnarmaceu- 
tically acceptatle salts 

[0049] The Compound (!) or the pharmaceuticary ncceptable salt meieof may be muea and formulated with appro- 
priate excipients. disintegrators, binders and lubricants, to preoare tarlets. granules, powders and syrups in the form of 
oral agents St-I aoditionaily, the Compound (D oi tne pharmaceuticaHv acceptable salt thereof may oe mixeo and for- 
mulated with :outine earners, to oreoare suDposi*Gr les. wnich may be acmimstered into rectum 

[0050] The oose may vary, depending on the aosage f oute, the tvf:e of the Compound (0 or the pharmaceutically 
acceptable salt thereof the age and condtions of a ::atient and the like while the dosage < may also be variable, 
depenoina on *he conditions and the Jose For example the Comccuno (I) or the pnarm.-. .-jcaily acceptable salt 
thereof may be aamimstereo a: 0 0CG01 to KO mc^^^ oer cay. prefe!ar:iv 0 COi to lO mg.kg per day and more ore^era- 
biv 0 to 1 mg/kg oer day 

B est Mode fo ' _ Garr yin q cut the . -v entio n 

[0051] The o-esent invention now descnoed *f-e follow ng examoies. 

[0052] in the foiiowing examples, the pnySiCO-cnem,ical properties of compounds were determined by the following 
methods For mass analysis according to the ^AB method JEOL JMS-C < 102A was used Ammo acid analysis was ear- 
ned out accoiding to the method or Bidiingmeyer et ai :J Chromatogra 3J6, 93 ':i98^)] Hydrolysis was effected m the 
vaoor of hydrochloric acid a: no C for 22 nours ar^o the ammo acid comoosition of the hydrolysis product was ana- 
lyzed by using an ammo acid analyzer Pico Tag {manufactured by Wateis Associates) 

Example i 

S/nthesiS of Compound la- ^ 
[0053] 

{CH3-CC -^eu-Asn-Trp-Ala-Ala-Glu-VahLeu'Lvs-Vat-Gln-Lys-Arg-Arg-ile-Tyr-Asp-lle-Thr-Asn-Val-Leu-Glu-G 
Gin-Leu- le-Ala-NH2, SEQ ID No 1 ) 

[0054] A carrier resin (30 mg) bonded with Fmoc-TJH (14 1 .imol) (R nn Amide MBHA resin) was placed m the reactor 
ot an automatic synthesizer, so as to practice the following procedures according to the synthesis prograni instructed 
by Shimadzu Corporation 

(a) The earner lesin was nnseo in DMF for 3 minutes, and then tne solution was discarded 

(b) After adding a 30% solution (900 nl) of pioendine m DMF to the resm. the resulting mixture was agitated for 4 
rT^inutes and then, the sciut on was :1isca'ded ^he procedure was repeated once more. 

(c) The rarner lesm was nnsed in DMF for cne minute, ar^d tne solution was discarded The prccedure was 
repeated five times In such manner the Fmoc removed earner resm bonded with NH. was recovered 

(d) Fmoc-Ata-CH f70 5 ,imoh. PyBOP [^0 5 ,imol), HC Bt • monohydrate (70 5 nmo)) and NMM f 105 75 umol) 
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were agitated tcgether in DMF (246 3 ul) for 3 minutes, and the resulting solution was added to the carrier resin 
Then, the resulting mixture was agitated for 30 minutes, from wnich the solution was discarded 
(e) The earner resin was rinsed m DMF for one minute, and the procedure was repeated five times In such manner. 
Fmoc-Ala-NH was synthesized on the earner resin 

[0055] After the procedures (a) to (c) for rinsing and deprotection, condensation reaction was carried out by using 
Fmoc-tle-OH at the process (d). and through the rinse process (e), Fmoc-lle-Ala was synthesized on the carrier resin 
By subsequently using the following compounds at the process (d) and repeating the processes (a) to (e), a carrier resin 
bonded with protective peptide was recovered, 

Fmoc-Leu-OH, Fmoc-Gln(Trt)-OH, Fmoc-lle-OH, Fmoc-Gly*OH. Fmoc-Glu(Ot-Bu)-OH, Fmoc-Leu-OH, Fmoc-Val- 
OH, Fmoc-Asn(TrT)-OH, Fmoc-Thr(t-Bu)-OH, Fmoc-lle-OH, Fmoc-Asp(Ot-Bu)-OH, Fmoc-Tyr(t-Bu)-OH, Fmoc-lle- 
OH. Fmoc-Arg(Pmc)-OH. Fmoc-Arg(Pmc)-OH, Fmoc-Lys(Boc)-OH, Fmoc-Gln(Trt)-OH, Fmoc-Val-OH. Fmoc- 
Lys(Boc)-OH, Fmoc-Leu-OH, Fmoc-Val-OH. Fmoc-Glu(Ot-Bu)-OH. Fmoc-Ala-OH. Fmoc-Ata-OH, Fmoc-Trp-OH. 
Fmoc-Asn(Trt)-OH, and Fmoc-Leu-OH. 

[0056] After further nsing and deprotection processes (a) to (c), 50 % acetic anhydnde-contammg DMF (l ml) was 
added to the earner resin, and the resulting mixture was agitated for 30 minutes Then, the solution was discarded The 
earner resin was rinsed m DMF for one minute, the procedure was repeated five times, followed by sequential rinsing 
m methanol and butyl ether and drying under reduced pressure for 1 2 hours, and a carrier resin bonded with the peptide 
with a side-chatn protective group was recovered To the resin was added a mixture solution {800 ul) composed of 32.5 
% of TFA, 5 % of thioanisole. 5 % of water, 3 % of ethyl methyl sulfide. 2.5 % of i ,2-ethanedithiol and 2 % of thiopnenol 
and containing 2-methylindoie at a ratio of 5 mg/m(, and the resulting mixture was left to stand at ambient temperature 
for 6 hours, to remove the side-chain protective groups and cleave the peptide from the earner restn After filtering off 
the earner resin, about 10 ml of ether was added to the resulting solution. Through centnfugation and decantation, the 
generated precipitate was recovered as 39 i mg of a crude peptide. The crude product was dissolved in 2M acetic acid, 
followed by HPLC purification on a reverse-phase column (CAPCELL PAK Cl8 of 30 mm I D ^ 250 mm manufactured 
by Shiseido, Co , Ltd.) The peptide was eluted on a linear gradient of 0 l % TFA - 90 % aeetonitrile containing 0 1 % 
TFA, as prepared by adding an aqueous 90 % aeetonitrile solution containing 0 1 % TFA into an aqueous 0 i % TFA 
solution The peptide was detected at 220 nm Thus, a fraction containing the entitled compound was recovered By 
lyophihzing the fraction 7 5mg of Compound la-1 was recovered 

Mass spectrum [FABMS], 3406 (M + H) 
Ammo acid analysis. 

Asx 2 7 (3), Glx 4 4 (4), Gly 1 3 (1), Arg 18 (2), Thr 0 8 (1), Ala 3 5 (3), Tyr 0 9 (1). Val 2 6 (3), ile 3 7 (4), Leu 4 1 
(4), Lys 2 1 (2) Tfp not determined 

Example 2 

Synthesis of Compound la-2 
[0057] 

(CH.-Co-Val-Leu-Lys-Val-G!n-Lys-Arg-Arg-lle-Tyr-Asp-ile-Thr-Asn-Val-NH^, SEQ ID No 2) 

[0058] In the same manner as m Example i . a carrier resin (30 mg) bonded with 14 7 umol of Fmoc-NH as a starting 
material was conaensed sequentially with 

Fmoc-Val-OH, Fmoc-Asn(Trt)-OH, Fmoc-Thr(t-Bu) -OH, Fmoc-lle-OH, Fmoc-Asp(Qt'Bu)-OH, Fmoc-Tyr(t-Bu)-OH. 
Fmoc-lie-OH. Fmoc-Arg(Pmc)-OH, Fmoc-Arg(Pmc)-OH. Fmoc-Lys(Boc)-OH. Fmoc-Gln(Trt)OH, Fmoc-Val-OH, 
Fmoc-Lys{Boc)-OH, Fmoc-Leu-OH, and Fmoc-Val-OH 

[0059] As in Example i . through the reaction with acetic anhydride followed by nnsing and drying, a earner resin 
bonded with a side-cham protected peptide was recovered, into which was added a mixture solution (800 ul) of 82 5 % 
of TFA, 5 % of thioanisole 5 % of water. 3 % of ethyl methyl sulfide, 2 5 % of l ,2-ethanedtthiol and 2 % of thiophenol 
The resulting mixture was left to stand at ambient temoerature for 8 hours, to remove the side-cham protective grouos 
and cleave the pepticie 'rem the carrier r esin As in Example i 40 7 mg of a crude peptide was t ecove- eo foiiowej by 
HPLC purification on a reverse-phase column, to recover 20 i mg of Compound la-2 
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Mass spectrum [FABMS], 1885 (M + H) 
Ammo acid analysis. 

Asx 1 9 (2), Glx 1 1 (1). Arg 2 1 (2), Thr 1 0(1). Tyr 10(1). Vai 3 0 (3), lie 2 0 (2), Leu 1 0 (1). Lys 1 9 (2) 
Example 3 

Synthesis of Compound lb-1 
[0060] 

(CH.-CC-Asn-Glu-Ser-Ala-Tyr-Asp-Gin-Lys-Asn-lle-Arg- Arg- Arg- Vai-Tyr- Asp-Ala-Leu- Asn^ Vai-Leu-Met-Ala-Met- 
Asn-lle-ile-Ser-NH^, SEQ ID No 3) 

[0061 ] In the same manner as in Example 1 , a carrier resin (30 mg) bonded with 1 4 l umol of -mcc-NH as a starting 
material was condense:^ sequentially with 

Fmoc-Ser(t-Bu)-OH Fmoc-lle-CH, Fmoc-lle-GH Fmoc- Asn(Trt)-OH, Fmoc-Met-GH, Fmoc-Ala-OH, rmoc-Met- 
OH, Fmoc-Leu-OH, Fmoc-Vai-OH, Fmoc- Asn(Trt)-Oh. Fmoc-Leu-OH, Fmoc-Ala-OH, Fmoc^Asp(Gt-3u)-C'h, 
Fmoc-Tyr(t-Bu)-GH, Fmoc-Va(-OH. Fmoc-Arg(Pmc)-OH , Fmoc-Arg(Pmc)-OH, Fmoc-Arg(Pmc)-OH Fmoc-Ile-'JH 
Fmoc-Asn(Trt)-CH. Fmoc-Lys( Boc)-CH Fmoc-Gin(Trt)-OH, Fmoc- Asc{Ct-Bu)-OH. Fmoc-Ty[ (.t-5u i-GH Fmoc-Ala- 
OH, Fmoc-:Ser(t-Bu)-OH, Fn^o:-Glu(Ot-Bu)-0'H, and Fmoc- Asn(T[-) -OH 



[0062] As in Example 1 through the leaction with acetic annydride followed by rinsing and drving, a earner resin 
bonded with a side-cnam protected peptide was -eccvered mto wnch was added a mixture solution (SCO u ' or 82 5 % 
of TFA, 5 % of thioanisote, 5 % of water, 3 % of ethyt methyl sulfide. 2 5 % of v2-ethanedithioi and 2 % of -hiopnenoi 
The resulting mixture was left to stand at amoient temperature for 8 hcurs to remove the side-cnain orotective groups 
and Cleave tne peptide from the earner resm As m Examoie l . 34 7 mg of a cruoe peptiae was ; eccvered, ^onowed by 
HPLC purification on a i everse-chase coium.n. tc lecover 5 3 mg of Compound b-i 

Mass spectium [FABMS], 3}37 (M ^ H^ 
Ammo acid analyS'S: 

Asx 6 4 (6). Glx 2 4 (2), Ser 2 4 (2). Arg 2 5 ^31. Ala 3 6 :3) Tyr 2 2 (2> Vai ^ 5 ^2) Met 2 ^ ^2^ Je 2 0 G^ Leu 1 ^ 
f2). Lys 1 2 M ) 

Exa n ple 4 

Synthesis of Compounc lb-2 
[0063] 

(CH-.-Co-lte-Arg-Arg-Arg-Val-Tyr-Asp-Ala-Leu- Asn-Val-Leu-Met-Aia-Met-NH^., SEQ ID No 4^ 

[0064] In the same manner as in Example 1 . a carrier resin (30 mg) bonded wth l 4 7 ■imoi of Fmoc-NH as a starting 
material was condensed sequentially with 

Fmoc-Met-OH Fmoc- Ala-C'H. Fmoc-Met-O'H Fmoc-Leu-OH Fmoc-Val-CH, Fmoc-Asn(G t) -OH^ Fmoc-Leu-OH, 
Fmoc-Ala-OH, Fmoc-Asp(Gt-Bu)-OH, Fmoc-Tyr(t-Bu)-OH, Fmoc-Val-C'H Fmoc- Arg( Pmc)-OH, Fmo:>Arg(Pmc)- 
OH, Fmoc- Arg(Pmc)-OH, and Fmoc-He-O'H 

[0065] As in Example 1, through the reaction with acetic anhydride followed by rinsing and drying, a carrier resin 
bonded with a side-chain protected peptide was recovered, into which was added a mixture solution (800 r.\) of 82.5 % 
of TFA, 5 % of thioanisote. 5 % dt water^ 3 % of ethyl methyl sulfide, 2 5 % of i ,2-ethanedithiol ar^d 2 % of thiophenol 
The resulting mixture was left to stand at ambient temperature for 8 hours, to remove the side-cham orotective groups 
and cleave the pep^ttde from the earner resin As in Example 1 . 29 0 mg of a crude peotide was recovered, followed by 
HPLC purification on a reverse-phase column, to recover 5 9mg of Compounc lb-2 

Mass spectrum [FABMS], 1861 (M + H) 
Amino acid analysis, 
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Asx 2 0 (2), Arg 3 0 (3), Aia 2 1 (2), Tyr 10(1), Val 1 3 (2). Met 2 1 (2). lie 1 0 (1), Leu 2 0 (2) 
Example 5 

Synthesis of Compound lc-1 
[0066] 

(CH3-C0-Ala-Arg-Gly-Arg-Gly-Arg-His-Pro-Gly-Lys-Gly-Val-Lys-Ser-Pro-Gly-Glu-Arg-Ser-Arg-Tyr-Glu-Thr-Ser- 
Leu-Asn-Leu-Thr-Thr-Lys-Arg-Phe-Leu-Glu-Leu-NHo, SEQ ID No.5) 

[0067] In the sane manner as m Example 1 , a earner resin (20 mg) bonded with 9 8 nmoi of Fmoc-NH as a starting 
material was condensed sequentially with 

Fmoc-Leu-OH. Fmoc-Glu(Ot-Bu)-OH, Fmoc-Leu-OH. Fmoc-Phe-OH, Fmoc-Arg(Pmc)-OH, Fmoc-Lys( Boc)-OH. 
Fmoc-Thr(t-Bu)-OH. Fmoc-Thr(t-Bu)-OH, Fmoc-Leu-OH, Fmoc-Asn(Trt)-OH, Fmoc-Leu-OH, Fmoc-Ser{t-Bu)-OH, 
Fmoc-Thr(t-Bu)-OH, Fmoc-Glu(Ot-Bu)-OH, Fmoc-Tyr(t-Bu)-OH, Fmoc-Arg(Pmc)-OH. Fmoc-Ser(t-Bu)-OH, Fmoc- 
Arg(Pmc)-OH. Fmoc-Glu(Ot-Bu)-OH. Fmoc-Gly-OH, Fmoc-Pro-OH, Fmoc-Ser(t-Bu)-OH, Fmoc-Lys( Boc)-OH, 
Fmoc-Val-OH, Fmoc-Gly-OH, Fmoc-Lys(Boc)-OH, Fmoc-Giy-OH. Fmoc-Pro-OH, Fmoc-His{Trt)-OH Fmoc^ 
Arg(Pmc)-OH, Fmoc-Gly-C'H Fmoc-Arg(Pmc; -OH. Fmoc-Gly-OH. Fmoc-Arg(Pmc)-OH, and Fmoc-A!a-CH 

[0068] As in Example 1, through the reaction with acetic anhydride followed by rinsing and drying, a carrier resin 
bonded with a side-chain protected peptide was recoveieo, into which was added a mixture solution (800 ul) of 82 5 % 
of TFA, 5 % of thioanisoie, 5 % of water, 3 % of ethyl methyl sulfide. 2 5 % of i .2-ethanedithiol and 2 % of thiophenot. 
The resulting mixlure was left to stand at ambient temperature for 8 hours, to remove the side-chain protective groups 
and cleave the peptide from the carrier resm As in Example i , 38 7 mg of a crude peptide was recovered, followed by 
HPLC purification on a reverse-pnase column, to recover 5 5mg of Compound Ic-i 

Mass spectrum [FABMS], 3993 (M + H) 
Amino acid analysts. 

Asx 11 (1), Glx 3 0 (3). Ser 2 6 (3), Gly 5 6 (5). Hts l 1(1). Arg 5 0 f6), Thr 2 S (3), Ala 1 0 (1), Fro 2 2 (2). Tvr 0 3 
(1), Val 0.9(1), Leu 44 (4) Phe 10 (1), Lys 3 2 (3) 

Example 6 

Synthesis of Compound la-3 
[0069] 

[CH3-(CH2)-r -Co-Leu- Asn-Trp-A!a-Ala-Glu- Val- Leu-Lys-Val-Gln-Lys- Arg- Arg- lle-Tyr-Asp-lle-Thr-Asn- Val -Leu-Glu- 
Gly-lle-Gln-Leu-lle-Ala-NH^. SEQ ID No 20] 

[0070] A carrier resin (lOO mg) bonded with 20 nmol of Fmoc-NH {NovaSyn TGR Resm, manufactured by Nova Bio- 
chem. Co ) as a starting materia' was subjected to the following procedures by using a peptide synthesizer manufac- 
tured by ACT inc. 

(a) The carrier resin was rinsed in DMF (1 ml) under agitation for 3 minutes, and then, the solution was discarded 
The procedure was repeated twice 

(b) After adding a 25% solution (1 ml) of piperidine m DMF to the resm, the resulting mixture was agitated for 2 min- 
utes, and then, the solution was discarded After adding again the 25% solution (l ml) of pipenaine m DMF to the 
resin, the resulting mixture was further agitated for 10 minutes, and then, the solution was discarded 

(c) The carrier resm was rinsed m DMF {l ml) under agitation for one minute, and the solution was discarded The 
procedure was repeated seven times 

In such manner a carnef resm from which any Fmoc group was t e moved was -eccvei ed 

(d) DMF (250 III), an NMP solution (500 nl) containing Fmoc-Ata-C'H and HOBt mononydrate. mdividually at a con- 
centration of 0 5 M, ana an NMP solution containing DIC at a concentration of 0 5 M were added to the resm. *or 
45-min agitation and then, the solution was discarded 

(e) The earner resm was rmsed in DMF (i mi) under agitation for one minute ana then the resm was again nnseo 
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in DMF (1 ml) 

(f) DMF (250 Lt!), an rJMP solution (500 iil) containing Fmoc-Ala-OH and HOBt monohydrate, individually at a con- 
centration of 0.5 M, a DMF solution (500 n\) containing HBTU at a concentration of 0.5 M, and an NMP solution 
(250 ul) containing DIEA at a concentration of 2 M were added to the resin, for 30-min agitation, and then, the solu- 
tion was discarded 

(g) The procedure (e; was repeated twice 

[0071] In sucn manner. Fmoc-Ala-hJH was synthesized on the earner restn 

[0072] After trie procedures (a) to (c) for rinsing and deprotection, condensation reaction was carried out by using a 
solution containing Fmoc- !le-OH instead of Fmoc-Ala-OH at the processes (d) and (f), and through the nnse processes 
(e) and (g), Fmoc-lle-Ala-NH was synthesized on the carrier resin By subsequently using the following compounds at 
the processes -d) and (f) and repeating the processes (a) to (g), a earner resin bonded with a protective peptide was 

recovered. 

Fmoc-Leu-OH. Fmoc-Gln(Trt)-GH, Fmoc-lle^OH, Fmoc-Gly-OH. Fmoc-Glu(Ot-Bu)-OH, Fmoc-Leu-OH. Fmoc-Val- 
C'H Fmcc-Asn{Trt)-OH. Fmoc-Thr(t^ Bu)-OH. Fmoc^ile-OH, Fmoc-.Asp(Ot-Bu)-CH, Fmoc-Tyr(t-Bu)-C-H, Fmoc-lle- 
C.'H Fmo--Arg(Pmc)-OH Fnnoc-Arg(Pmc)-GH, Fmoc-Lys{Boc)-OH, Fmoc-Gln(Trt)-OH, Fmoc-Vai*OH. Fmoc- 
L/s(Boc)-C'H Fmoc-Leu-OH Fmoc-Val-OH, -moc^Glu((3t'Bu)-OH, Fmoc-Ala-OH. Fmoc-Ala-OH, Fmoc-Trp{Boc)- 

C'H, Fmoc-.Asn(Ttt)-*'jH. .v^C '^moc-Leu-C'H 

[0073] .After *^rther rising and deproteaion processes (a) t3 (c), a DMF solution (SOOul) containing 20 rrg lautic acid 
a DMF solution (500 ui) containing HBTU at a concentration of 0 5 M, and an NMP solution (250 ul) containing DIEA at 
a concentration of 2M were added to the resm, and the resulting mixture was agitated for 12 hours Then, the solution 
was oiscarded The carnef resm was rinsed and cried as in Example T to recover a earner resin bonded with a side- 
chain prcteae'^ peptide To the above carrier resm was aaded a mixture solution ( "! 200 nl) cormposea of 32 5 % of T"A 
5 7o of thioanisole. 5 % ot water. 3 % of ethyl methyl sulfide. 2 5 % of i ,2-ethanedithioi. 2 % of thiophenoi and 2-meth- 
yltndole ' 5 mg. '^i' and tne resulting .mixture was ;ett to stand at ambient temperature for 6 hours, to rer-^ove the Side- 
chair protective groups and cleave the peptide from the earner resm In The same rmanner as in Example 1 53 0 mg of 
a ^rude oeot^de was recevereo *oilowea by H^LT punficaticm on a reverse-phase column, to recover 5 mg of Com- 
pound ia-3 

Mass specxium [FABMS;. 3546 (M ^ H) 
Amino ac:i :i anal /sis, 

Asx 2 8 ' 3 Glx 4 1 (4), Gly ^ 3 ( 1 ) . Arg 2 0 (2), ^hr 1 0 Ala 3 2 (3). Tyr 1 0 i 1 ), Vai 2 7 (3) . He 3 3 (4V Leu 4 0 
(4), Lys 2 3) '2) Tr p not aeteimineo 

Exan"! ole ^ 

Synthesis of C Dmpound ib-3 
[0074] 

[CH :-(CH -CO^Asn-Glu-Ser-Aia-Tyr-Asp-Gln-Lys-Asn-lle-Arg-Arg-Arg-Val-Tyr-Asp-Ala-Leu-Asn-Vai-Leu-Met^ 
Aia-Met-Asn-ile-lle-Ser-NH^, SEO ID No. 21] 

[0075] In the same manner as m E<ample 6, a earner resm (100 mg) bonded with 20 urmo! of Fmoc-NH as a starting 
material was conaensed sequentially with 

Fmoc-Ser(t-Bu)-OH, Fmoc-lle-GH, Fmoc-lIe-OH, Fmoc-Asn(Trt)-OH, Fmoc-Met-OH, Fmoc-Ala-CH, Fmoc-Met- 
OH Fmoc-Leu-OH, Fmoc-VaLOH. Fmoc- Asn(Trt)-OH, Fmoc-Leu-OH. Fmce-Aia-OH, Fmoc-Asp(Ot-Bu)-C'H 
Fmoc-Tyr!t-Bu)-OH. Fmoc-Val-OH, Fmoc-Arg(Pmc)-OH, Fmoc-Arg; Pmc)-OH, Fmoc-Arg(Pmc) -OH Fmoc-He-O'H, 
Fmoc-Asn(Trt)-C'H, Fmoc-Lys(Boc)-OH, Fmoc-Gln(Trt)-OH, Fmoc-Asp(Ot-Bu)-OH. Fmoc-Tyr(t-Bu) -C-H. Fmoc-Ala- 
O^H Fmoc-Ser(t-Bu)-OH Fmoc-Glu(Ot-Bu)-C H and Fmoc-Asn(Trt)-OH 

[0076] As in Example 6, through the reaction with laune acid, followed by rmsing and drying, a earner resin bonded 
with a side-chain prC'teaed peptide was recovered, into which was added a mixture solution ( 1 200 ul) of 32 5 % of TFA, 
5 % of thioanisoie. 5 of water 3 % of ethyl methyl sulfide. 2 5 % of 1 ,2-ethanedithiol and 2 % of thiophenoi The result- 
ing mixture was left to stand at ambient temperature for 8 hours, to remove the side-cham protective groups and cleave 
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the peptide from the carrier resin As in Example i , 47 9 mg of a crude peptide was recovered, followed by HPLC puri- 
fication on a reverse-phase column, to recover 2 2 mg of Compound lb-3. 



Mass spectrum [FABMS], 3477 (M + H) 
Ammo acid analysis; 

Asx 5 9 (6). Glx 2.0 (2), Ser 2.0 (2), Arg 2 9 (3), Aia 3 4 (3). Tyr 2 1 (2). Vai 1 9 (2), Met 2 3 (2), lie 2 2 (3), Leu 2 2 
(2), Lys 11 (1) 

Industrial Applicability 

[0077] In accordance with the present invention, a novel compound inhibiting the E2F activity and having excellent 
anti-tumor activity or anti-arteriosclerosis activity can be provided The compound is useful as a therapeutic agent of 
diseases such as tumor and arteriosclerosis, for which abnormal cell growth is responsible. 



1 7 



EP 0 963 999 A1 



SEQUENCE LISTING 

Sequence ID No . 1 

Length; 29 

Type; amino acid 

Strandedness ; single 

Topology; linear 

Molecule type; peptide 

Sequence feature 

Name /Key ; Modified- site 

Location; 1 _ 

Identification method of feature; E 

Other information; Xaa at position 1 represent! g N-acetyl- 
L - leucine 

Name /Key ; Modified- site 
Location ; 2 9 

Identification method of feature; E 

Other information; Xaa at position 29 representing L- 
a Ian in amide 
Sequence Description 

Xaa Asn Trp Ala Ala Glu Val Leu Lys Val Gin Lys Arg Arg lie Tyr 



1 



5 



10 



15 



Asp lie Thr Asn Val Leu Glu Gly lie Gin Leu lie Xaa 



20 



25 
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• 



Sequence ID No . 2 

Length; 15 

Type; amino acid 

Strandedness ; single 

Topology; linear 

Molecule type ; peptide 

Sequence feature 

Name /Key ; Modif ied- s i te 

Location; 1 

Identification method of feature; E 

Other inf onr.ation; Xaa at position 1 representing N-acetyl- 
L -valine 

Name /Key ; Modif ied - s i te 
Location; 15 

Identification method of feature; E 

Other information; Xaa at position 15 representing L - valinaiuide 
Sequence Description 

Xaa Leu Lys Val Gin Lys Arg Arg lie Tyr Asp lie Thr Asn Xaa 



Sequence ID No . 3 
Length; 28 
Type; amino acid 
Strandedness ; single 
Topology ; linear 
Molecule type ; peptide 
Sequence feature 



1 



5 



10 



15 
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Name /Key; Mod i f led - s i t e 
IjOcation; 1 

Identification method of feature; E 

Other information; Xaa at position 1 representing N-acetyl- 

L - asparagine 

Name /Key ; Modified- site 

Location; 28 

Identification T.ethod of feature; E 

Other inf onnat ion ; Xaa at position 28 representing L - ser inainide 
Sequence Description 

Xaa Glu Ser Ala Tyr Asp Gin Lys Asn lie Arg Arg Arg Val Tyr Asp 

15 10 15 

Ala Leu Asn Val Leu Met: Ala Met Asn lie lie Xaa 



Sequence ID No . 4 

Length; 15 

Type; axnino acid 

S t randednes s ; single 

Topology; linear 

Molecule type; peptide 

Sequence feature 

Naire/Key; Modif led- s ite 

Location; 1 

Identification method of feature; S 

Other information; Xaa at position 1 representing N-acetyl- 

L - 1 s o 1 e u c 1 n e 



2 0 



25 
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NaiTie/Key ; Modif ied - si te 
Location; 15 

Identification method of feature; E 

Other inf orinat ion ; Xaa at position 15 representing L- 
me t h i o n i n ain 1 de 
Sequence Description 

Xaa Arg Arg Arg Vai Tyr Asp Ala Leu Asn Val Leu Met Ala Xaa 

15 10 15 

Sequence ID No . 5 _ 

Length* 35 

Typ e ; a.Ti i n o acid 

Strandedness ; single 

Topology; linear 

Molecule type ; peptide 

Sequence feature 

Naine/Key ; Modified-site 

Loca t ion ; 1 

Identification method of feature; E 

Other :i nf orniation ; Xaa at position 1 representing N-acetyl 
L - a 1 an ine 

Name /Key ; Modif ied-site 
Loca t ion ; 3 5 

Identification method of feature; E 

ether inf orniation ; Xaa at position 35 representing L 

ieucinamide 

Sequence Description 
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Xaa Arg Giy Arg Gly krg His Pro Gly Lys Giy Val Lys Ser Pro Gly 

15 10 15 

Glu Arg Ser Arg Tyr Giu Thr Ser Leu Asn Leu Thr Thr Lys Arg Phe 

20 25 30 

Leu Glu Xaa 

35 

Sequence ID No . 6 
Length; 38 
Type; nucleic acid 
S t r a n de dn ess; single 
Topology; linear 

Molecule type; other nucleic acids synthetic DNA 
Sequence De script ion 

AGAGAGAAGC TTAAA.GCGTC ATGGCCTTGG CCGGGGCC 3^ 

Sequence ID No . 7 
Length; 26 
Type; nucleic acid 
Strandedness ; single 
Topology ; linear 

Molecule type; other nucleic acids 
Sequence Description 
TTCTGCACCT TCAGCACCTC GGCAGC 

Sequence ID No . 8 
L e n q t h ; 2 6 



synthetic DNA 



26 
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Type; nucleic acid 
Strandedness : single 
Topology ; linear 

Molecule type; other nucleic acids synthetic DNA 
Sequence Description 

ACC^^J^GCGCT TCCTGGAGGT GCTGAG 2 6 



Sequence ID No . 9 
Length; 26 
Type; nucleic acid 
Strandedness ; single 
Topology; linear 

Molecule type; other nucleic acids synthetic DNA 
Sequence Description 

GGAAACCCTG GTACCTCCAA GCCCTG 26 



Sequence ID No. 10 
Length; 33 
Type; nucleic acid 
Strandedness ; single 
Topology; linear 

Molecule type; other nucleic acids synthetic DNA 
Sequence Description 

CCACGGATCC CCAGCACTCA CTTTGCCTGT GAG 3 3 



Sequence II> No . 1 1 
Length ; 34 
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Type; nucleic acid 



S t randedness ; single 



ropology; linear 



Molecule type; other nucleic acids 



synthetic DNA 



Sequence Description 



CTGCGAATTC TACCGGTTTC TCTGCACCAG GTTC 



34 



Sequence ID No. 12 
Length: 25 
Type; nucleic acid 
Strandedness ; single 
Topology; linear 

Molecule type; other nucleic acids synthetic DNA 
Sequence Description 

ATTTA^-^GTTT CGCGCCCTTT CTCAA. 2 5 

Sequence ID No. 13 
Length; 25 
Type; nucleic acid 
Strandedness; single 
Topology; linear 

Molecule type; other nucleic acids synthetic DNA. 
Sequence Description 

TTGAGAJVAGG GCGCG/^JVACT TAAAT 2 5 

Seauence ID No. 14 
Length; 30 
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Type; nucleic acid 



S t randedness ; single 



Topology; linear 



Molecule type; other nucleic acids 



synthetic DNA 



Sequence Description 



CTATACACTC CTAACCCTAA GTATTAGAAG 



30 



Sequence ID No. 15 
Length; 23 

Type; nucleic acid _ 
Straridedness ; single 
TopolO'jy; linear 

Molecule type; other nucleic acids synthetic DNA 
Sequence Description 

AGCTACAACA ACGCGTCGCT CTCCGCTC 2 8 

Sequence ID No. 16 
Length; 2 2 
Type; nucleic acid 
St randedness ; single 
Topolotgy; linear 

Molecule type; other nucleic acids synthetic DNA 
Sequence Description 

TCGAGCCCGG GGGTAGCGCA TG 2 2 

Sequence ID No. 17 
Length; 14 
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Type; nucleic acid 
S t randedness ; single 
Topology; linear 

Molecule type; other nucleic acids 
Sequence Description 
CGGTACCCCC GGGC 

Sequence ID No. 18 
Length; 60 
Type; nucleic acid 
Strandedness ; single 
Topology; linear 

Molecule type; other nucleic acids 
Sequence Description 

TCGAGCTTGG CGGGAAACTT GGCGGGAAAC 
.\AAGTCGACG 

Sequence ID No. 19 
Length; 60 
Type; nucleic acid 
Strandedness ; single 
^5 Topology; linear 

Molecule type; other nucleic acids 
Sequence De script ion 

GTACCGTCGA CTTTCCCGCC AAGTTTCCCG 
CCCGCCAAGC 



synthetic DNA 

14 



svnthe*:ic DNA 

TTGGCGGGAA ACTTGGCGGG 

60 



synthetic DNA 

CCAAGTTTCC CGCCAAGTTT 

60 
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Seq^jence ID No. 20 
Length; 29 
Type ; amino acid 
Strandedness; s ingle 
Topology; linear 
Molecule type; peptide 
Sequence feature 
Name/ Key ; Modif ied-site 
Locat ion ; 1 

Idenrification method of feature; E 

Other information; Xaa at position 1 representing N- 
lauroyi -L-leucine 
Name/Key; Modif ied - s i te 
Locat ion ; 2 9 

Identification method of feature; E 

Other information; Xaa at position 29 representing L- 

alan inamide 

Sequence Description 

Xaa Asn Trp Ala Ala Glu Val Leu Lys Vai Gin Lys Arg Arg lie Tyr 

15 10 15 

Asp lie Thr Asn Val Leu Glu Gly lie Gin Leu lie Xaa 

20 25 

Sequence ID No . 2 1 
Length; 28 
Type; amino acid 
Strandedness; single 
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Topology; linear 
Molecule type; peptide 
Sequence feature 
Name /Key ; Modif ied- s ite 
Location; 1 

Identification method of feature; E 

Other information; Xaa at position 1 representing N- 
iauroyl- L-asparagine 
Name /Key ; Modified-site 
Location ; 28 

Identification method of feature; E 

Other information; Xaa at position 28 representing L-serinamide 
Sequence Description 

Xaa Glu Ser Ala Tyr Asp Gin Lys Asn lie Arg Arg Arg Val Tyr Asp 

15 10 15 

Ala Leu Asn Val Leu Met Ala Met Asn lie lie Xaa 

20 2 5 



Claims 

1. A compound [epresenteo by the genetal formula (I), 

R^-A-R^ i!^ 

(wherein R* represents substituted or unsubstituted aikanoyl. substituted or unsubstituted aroyi, substituted or 
unsubstituted heteroaryicarbonyl, substituted or unsubstituted alkoxycarbonyl, substituted or unsubstituted ary- 
loxycarbonyi, substituted or unsubstituted heteroaryloxycarbonyl or a hydrogen atom, R- represents hydroxy, sub- 
stituted or unsubstituted alkoxy. or substituted or unsubstituted ammo: and A represents a peptide sequence 
comprising a partial ammo acid sequence having at least 12 continuous residues in the sequence of the dimeriza- 
tion region or DNA binding region of each E2F family), or a pnarmaceutically acceptable salt thereof 

2. A compound according to claim 1 . wherein A is represented by the general formula (la). 
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{wherein ■n s * m individual ammo actd residues are the same or different, and represent 0 or l /: X= X" and X-^ 
are the same or different, representing Leu or He. X- represents Asn or Lys, X ' represents Trp, Lvs, Leu. Ala or Glu, 
X^ represents Ala or Ser , X'' represents Glu. Asp or Asn. X represents Vai ^hr or Arg, X ' represents Lys. AsD Ala 
or His, X-"" represents Gin, His Gly. Asp ci Asn, and > ^ - represents Ala, Aig. Lys or Giu) or oy 'ne general formula 
(lb). 
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(wherein "m s" m individual amino acid residues are the same or different, and represent 0 or i , represents Asn. 
Thr. Ala or Tyr: represents Glu or Asp, Y" represents Ser or Asn; Y^ represents Ala or Asn, Y^ represents Tyr or 
Cys; Y- represents Lys or Glu. Y-- represents Met or lie. and Y- represents lie or Val), or by the general formula 
(Ic), 
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(wnereip ps' ^naiviOL^a'. ariino acid resioues ari- the same ot aiffefent. and lepresent 0 or 1 Z lepresents Ala. 
Phe or Pro Z- reoiese^rs Arg Lys or Gin: Z'' Z ' and Z-" are the same or different, 'epresenting Gly or Pro, 
lepresents Arg, _ys Met or Fro Z^ represents GIv, Cys. Ala or Gin Z^- reoresents Ala, Arg 3r Glu. Z represents 
Ala. :ie or Gin. Z" 'eoresents .Ala Gly oi Atg. represents Leu. Val or Pro. Z ^ represents ^.sp Arg or Gin Z 
represents Gly, Ser Aia Of P-o. Z'"^- represents Leu or Pro. Z" ^ represents Asp. His or Pro, Z ^ represents Ser or 
Pro. Z'"" reoresents Gin or LyS. Z recresenis GIv. Thr or Leu Z ' represents Gly, Pro or ■■■Ail, Z ^ represents Gly 
or Lvs. Z--- :eotesents Ala or Ser Z-- represents Gly or Ser: Z" ' represents Gly. Glu or Thi . Z"'* represents Arg. 
Lys. Ser or Pro. Z~"' -eoiesents Ser or Thr. Z^ represents Hfs or ^yr Z-'-~ represents .Asp or Glu Z"' ana Z'"^ are 
the same or different, representing Lys or Thr. Z"^ represents Gly or Asn. Z^" represents Leu or Thr, Z' represents 
Aig or L/s Z-^" represents He Leu or Val: and T'- represents Glu, Gin Ser or Tyr), or a pharmaceutically accepta- 
ble salt thef eot 

3, A pnarmaceutical composition comprising a compound repiesented by the general formula (I), 

R -A-R^ d) 

(^;vnereln R ^-epresents substituted oi unsubstituted alkanoyt. substituted or unsubstituteo aroyi. substituted or 
unsubstituted heteroarylcarbonyl substituted or unsubstituted alkoxycarbonyl , substituted or unsubstituted ary- 
-^l: toxycarbonyi, substituted or unsubstituted heteroaryloxycarbony! or a hydrogen atom; R-" represents hydroxy, sub- 

stituted or unsubstituted alko:<y, or substituted or unsubstituted amino: and A represents a peptide sequence 
comprising a paitial ammo acid sequence having at least i 2 continuous residues m the sequence of the dimenza- 
tion region or DNA oincmg regicm of each E2F family) or a phamnaceutically acceptable salt thereof 
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